Introduction
Heterocyclic compounds display a broad spectrum of biological activities. Among the nitrogen-containing heterocycles, tetrazolones 1 have attracted considerable attention due to their excellent herbicidal activity.
2,3
One of the best known tetrazolone derivatives as a commercial herbicide is fentrazamide (1), which is highly effective against many weeds and inhibits cell division. 4 Another important example of tetrazolones is 1-aryl-4-(3-fluoropropyl)-tetrazolone (2), which was developed as a new and highly active family of protoporphyrinogen oxidase-inhibiting herbicides.
5
The tetrazolone scaffold is especially important for pesticide development and the most general synthetic approach for tetrazolone synthesis involves 1,3-dipolar cycloaddition reaction of azides to isocyanates (Scheme The reaction of aryl isocyanates with either sodium azide or aluminum azide to form tetrazolones has long been known in the literature.
6−8 Trimethylsilyl azide (TMSA), in analogy with azides, also behaves as a 1,3-dipole towards isocyanates to synthesize tetrazolones. 9, 10 For example, 1.3-dipolar cycloaddition of phenyl isocyanate to excess of TMSA has been reported to afford the corresponding tetrazolone derivative. 10 As an alternative to TMSA, Salama et al. have recently reported an inexpensive, in situ generated SiCl 4 /NaN 3 combination that can be used as 1,3-dipole towards isocyanates to produce tetrazolones. 11 In the literature, there is a continuous focus on 1-and 4-substituted tetrazolone derivatives, which have been proved to show important herbicidal activities. 2−5 To the best of our knowledge, the synthesis or herbicidal activity of fused tetrazolones has not been reported yet. Herein, we report a simple, mild, and one-pot synthesis of novel fused tetrazolone derivatives starting from anhydrides.
Results and discussion
Our primary goal was the synthesis of 6, which is an important precursor to undergo further cyclization reactions to produce heterocyclic compounds. As the starting material, homophthalic acid and its derivatives were used.
Bromo and methoxy homophthalic acids 4b and 4c were synthesized using the protocols reported in one of our recent studies. 12 For the synthesis of 5, the acids were treated with thionyl chloride in dichloromethane and the corresponding anhydrides 5 13 were obtained in high yields. The anhydride 5a-c were reacted with TMSA and thionyl chloride, followed by a second molar equivalent of TMSA and methanol, respectively, as shown in Scheme 2. Analysis of the products indicated the formation of tetrazolones (7a-b) in 36%-38% yields and isoindolinones (8a-c) in 32%-53% yields instead of the expected product 6. This result was not that surprising since the intermediates formed during this reaction have the potential to form isocyanate as dipolarophile and acyl azide as 1,3-dipole to undergo a 1,3-dipolar cycloaddition reaction.
The suggested mechanism for the formation of 7a-b and 8a-c is shown in Scheme 3. Under the reaction conditions, the lactones 5 first undergo ring opening reaction with TMSA to form intermediates 9a-c. Under the refluxing conditions, Curtius rearrangement takes place and forms the intermediates 10a-c. Subsequent addition of thionyl chloride followed by second molar equivalent of TMSA converts trimethylsilyl esters 10 into acyl azide intermediates 11, which bear 1,3-dipole and dipolarophile functionalities in ortho positions. The intermediates 11a-b partially undergo internal 1,3-dipolar cycloaddition to produce fused tetrazolone derivatives 7a-b. Moreover, isocyanate is partially trapped with methanol to form the intermediates 12a-c. The attack of lone pairs on urethane NH on the azide carbonyl results in the formation of isoindolinones 8a-c. Methoxy substituted anhydride 5c only produces isoindolinone derivative 8c, favoring the intermediate 12c. In order to test the effect of the benzene ring on the mode of this reaction, we first synthesized the anhydride 13
14 by the addition of maleic anhydride to in situ generated butadiene. The anhydride 13 was treated with TMSA under the same reactions conditions as described above. However, the reaction produced 15 instead of the expected product 14.
The tetrazolone derivative 15 was characterized by spectral methods. The number of nitrogen atoms was determined by elemental analysis. According to the results of HRMS and elemental analysis, compound 15 contains 5 nitrogen atoms. The NH proton was observed at 7.62 ppm as a singlet. The following mechanism was suggested for the formation of the product 15 (Scheme 5). The anhydride 13 first undergoes a ring opening reaction with TMSA to form the intermediate 16. Then the acyl azide functionality in 16 rearranges to the isocyanate 17. Reaction of 17 with thionyl chloride followed by a second molar equivalent of TMSA converts trimethylsilyl ester into acyl azide 18, which prefers the rearrangement to the corresponding bisisocyanate 19 instead of intramolecular addition to the isocyanate group to give 14. Bisisocyanate 19 reacts with TMSA to form the intermediate 20, which then undergoes an internal addition reaction to produce fused tetrazolone derivatives 15.
Our experimental results allow us to conclude that under the same reaction conditions anhydrides 5 and 13 show different reactivity. In the case of 5, there are 2 different acyl azide functionalities, with one of the carbonyl groups conjugated with the benzene ring and the other one not. Recently, we showed that the stability of those acyl azides is different and the conjugated one is more stable than the other. 15 However, in the case of 13, neither of the acyl azide functions is in conjugation with any other groups so that neither of them will be as stable as the conjugated one and they will be expected to undergo Curtius rearrangement much faster. However, one of the acyl azide groups generated from 5 is stabilized due to the conjugation with the benzene ring and therefore prefers addition to the isocyanate group over rearrangement. As a result of this reactivity difference, the formed products starting from 5 and 13 are different.
Scheme 5. Suggested mechanism for the formation of 15.
In conclusion, we developed a new practical and efficient route to novel fused tetrazolone as well as to isoindolinone derivatives starting from cheap and readily available reagents such as homophthalic acid derivatives and maleic anhydride. The mild reaction conditions, easy work-up procedure, and simple operation are advantages of this procedure.
Experimental section

General
Melting points were determined on a Thomas-Hoover capillary melting point apparatus. IR spectra were recorded on a PerkinElmer 980 spectrometer. NMR spectra were recorded on a Bruker-Avance instrument at 400 MHz for 1 H and 100 MHz for 13 C NMR. Apparent splitting is given in all cases. Column chromatography was performed on silica gel (60-mesh, Merck). TLC was carried out on Merck 0.2 mm silica gel 60 F 254 analytical aluminum plates. Elemental analyses were carried out on a Leco-932 model CHNS analyzer.
Isochroman-1,3-dione (5a)
To a stirred solution of homophthalic acid (5.0 g, 27.8 mmol) in dichloromethane (100 mL) was added an excess amount of thionyl chloride (5 mL, 68 mmol). The reaction mixture was refluxed until a clear solution was formed (3 h). After the completion of the reaction, the solvent and excess thionyl chloride were evaporated under reduced pressure to obtain 5a (4.4 g, 97%) as a yellow solid, mp 143-144 
7-Bromoisochroman-1,3-dione (5b)
17,18
The same procedure for 5a was followed except using 5-bromo-2-(carboxymethyl)benzoic acid (4b) (5.0 g, 19 mmol) and thionyl chloride (5 mL, 68 mmol). The product 5b (4.5 g, 18.6 mmol, 98%) was obtained as a pale 
7-Methoxyisochroman-1,3-dione (5c)
18
The same procedure for 5a was followed except using 2-(carboxymethyl)-5-methoxybenzoic acid (5.0 g, 23.7 mmol) and thionyl chloride (5 mL, 68 mmol). The product 5c (4.4 g, 96%) was obtained as a pale yellow solid, mp 180-182 
Synthesis of 3H -tetrazolo[2,1-b]phthalazine-3,10(5H )-dione (7a) and methyl 1-oxoisoindoline-
2-carboxylate (8a)
To a stirred solution of homophthalic anhydride (5a) (1.05 g, 6.5 mmol) in THF (25 mL) was added 1.2 equivalent of trimethylsilyl azide (TMSA) (1.02 mL, 7.8 mmol), followed by refluxing for 3 h. THF was evaporated and the residue was dissolved in CCl 4 (25 mL) and to this mixture was added thionyl chloride (0.53 mL, 7.8 mmol). The resulting mixture was refluxed for 3 h and the solvent was evaporated and the remaining residue was dissolved in THF (25 mL) and to this mixture was added a second molar equivalent of TMSA (1.02 mL, 7.8 mmol). After 3 h of refluxing the solvent was removed and the residue was dissolved in methanol (25 mL) and further refluxed for 3 h. Methanol was evaporated and the residue was chromatographed on silica gel 
Methyl 1-oxoisoindoline-2-carboxylate (8a
1-oxoisoindoline-2-carboxylate (8b)
The same procedure for 7a and 8a was followed except using 7-bromoisochroman-1,3-dione (5b) (1.56 g, 6.5 mmol), TMSA (1.02 mL, 7.8 mmol), thionyl chloride (1.6 mL, 23.4 mmol), and TMSA (1.02 mL, 7.8 mmol).
The products were chromatographed on silica gel (40 g) eluting with EtOAc/hexane (3/2) to give compounds 7b (0.65 g, 36%) and 8b (0.56 g, 32%). 
7-Bromo
Synthesis of methyl 6-methoxy-1-oxoisoindoline-2-carboxylate (8c)
The same procedure for 7a and 8a was followed except using 7-methoxyisochroman-1,3-dione (5c) (1.25 g, 6.5 mmol), TMSA (1.02 mL, 7.8 mmol), thionyl chloride (0.53 mL, 7.8 mmol), and TMSA (1.02 mL, 7.8 mmol).
The residue was chromatographed on silica gel (40 g) eluting with EtOAc/hexane (3/2) to obtain compound 8c (0.76 g, 53%) as a single product. To a stirred solution of 1,2,3,6-tetrahydrophthalic anhydride (13) (1.0 g, 6.6 mmol) in THF (40 mL) was added TMSA (1.06 g, 9.2 mmol) and the solution was heated to reflux temperature. N 2 evolution was over after 30-45 min. The solution was cooled and concentrated in vacuum. The residue was dissolved in CCl 4 (20 mL) and to this solution was added DMF (3 drops) followed by SOCl 2 (0.347 g, 2.92 mmol). The reaction mixture was heated to 40-50 • C. The reaction was monitored by IR. When the infrared absorption at 1720 cm −1 (ester) disappeared (30-45 min), the solution was cooled to room temperature and concentrated in vacuum (bath temperature should be below 35 • C). The remaining residue was dissolved in THF (25 mL) and to this solution was added TMSA (1.06 g, 9.02 mmol) at r.t., which was subsequently heated to 80-85 • C for 90 min. After the reaction was completed, the solution was cooled to room temperature. 
Methyl 6-methoxy-1-oxoisoindoline-2-carboxylate (7c
